Here we describe the use of an assay that integrates the polymerase chain reaction (PCR) with hybridizationof the amplified product for detection in the same microwell. Traditional PCR requires transportation of the amplified product to another system for characterization of samples. Transportation means time-consuming manipulation and risk of contaminating the laboratory with amplified product. Integration of amplification and specific product detection greatly reduces sample manipulations and the risk of contamination. We used the assay for detection of bovine leukemia virus and Salmonella. The results were identical with those produced by two traditional PCR methods. This assay could easily be adapted for other organisms, simply by using other primers and probes. 
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Indexing Terms: animal clinical chemistry/microbiology
The polymerase chain reaction (PCR), first described in detail by Saiki et al. (1), has had a major influence on molecular biolo. 6 The powerful amplification of DNA from various organisms has made possible detection of much less than attomole quantities.
Articles describing detection of 1-5 copies of the investigated organisms have been published (2) (3) (4) (5) . This very sensitive detection of various organisms has stimulated studies of the usability of PCR in routine clinical testing.
Use of the PCR method has certain limitations. PCR can amplify DNA molecules a thousandfold, but the presence or absence of the amplicons must be verified by other techniques.
Originally, the product of amplification was analyzed by gel electrophoresis. The addition of gel electrophoresis makes the concurrent testing of multiple samples tedious and time-consuming, often limiting the number of samples processed at the same time and constraining full automation. but not the strips used for DIAPOPS. Thus, we modified the thermocycler to fit the strips by drilling to make the holes in the heating block larger.
We mixed 0. 
Results

DIAPOPS Procedure
Immobilization of the amplified product during amplification is ensured by the use of microwell strips onto which one of the primers is immobilized before amplification. We used the downstream primer for detection of BLV and the upstream primer for detection of Salmonella. The choice of primer for covalent immobilization depends on the detection probes available. The primer molecules were bound covalently to the solid phase at only the 5'-end (17). Covalent binding results in more specific, reproducible results because temperature cycling and washing with denaturing reagents will detach primer molecules that are adsorbed only to the solid phase. Furthermore, binding the primer molecules at only the 5'-end ensures functionality.
Primers so bound can hybridize with the template and get extended.
To avoid diminishing the typical PCR efficiency, we use asymmetric amplification in DIAPOPS. Amplification is initiated in the liquid phase and proceeds on the solid phase associated with cova.lently bound primer, thus producing two types of amplified products: amplified product in the liquid phase and amplified product bound to the solid phase. The amplified product in the liquid phase is removed by simple washing immediately after amplification and is disposed of in a closed system, thus reducing contamination problems. The amplified product bound to the solid phase is converted into single-stranded target by washing under denaturing conditions and used for hybridization.
The complete DIAPOPS assay, performed in a single microwell, consists of four steps: (a) covalent binding of a primer to the solid phase, (b) asymmetric amplification (extension of the bound primer), (c) deriaturation, and (d) hybridization.
Optimization of the Assay
We analyzed the flmctionality of DIAPOPS by detecting the presence of BLV in tissue samples as follows. DNA was extracted from the tissues and amplified by traditional PCR with specific product detection by gel electrophore8is (18). A known positive was produced by pooling DNA from all the samples that were found positive by this method. Similarly, a known negative (blank) was produced. The initial DIAPOPS experiments were performed with these two samples.
The microwell strips used are made of polystyrene onto which a linker molecule is covalently grafted; the primer molecules were covalently bound to the linker molecules.
Because we use microwell strips made of polystyrene, one can expect reduced stability of the coated microwell strips incubated at high temperatures. The half-life of coated microwell strips at 94#{176}C was found to be 30 min (data not shown). It is therefore important, especially during denaturations, to keep the cycling time as short as possible.
In our preliminary experiments, we soon realized that the cycling procedures were not interchangeable between the thermocyclers, perhaps because of the reduced cycling times. When cycling times are reduced, variations in the heating and cooling profiles between different thermocyclers become crucial. We therefore recommend optimization of the cycling procedure before regular use of DJAPOPS.
Ratio between primers. As mentioned above, DIAPOPS is performed as an asymmetric amplification. Both primers are present in the liquid phase, but the concentration of one of the primers is less than that of the other. The lower-concentration primer is the primer also bound to the solid phase. For the clearest distinction between positive and negative samples, the largest possible fraction of the amplified product should be bound to the solid phase during amplification.
We therefore determined which ratio between primers resulted in the largest fraction of bound amplified product (Table 1) Number of cycles. To avoid prolonged amplification procedures, we determined how few cycles were needed to get a distinct difference between a positive and a negative sample. The amplification was interrupted after 10, 20, 30, and 40 cycles ( Table 2) . The difference between a positive and a negative sample was visible after 30 cycles and obvious after 40 cycles. We chose to use 35 cycles for further experiments.
Detection Limitand Reproducibility
Because all BLV DNA used for these experiments were extracted from tissue samples, the concentration of virus DNA in the positive samples was not known. Therefore, sensitivity analysis could not be performed with the DNA from these tissue samples. To circumvent this problem, we cloned the amplicon in E. coli. Tenfold dilutions of cloned template, ranging from 6 to 6 x 108 molecules, were used. The results (Fig. 1) indicate a detection limit somewhere between 6 x 102 and 6 x iO The reproducibffity of DIAPOPS was tested by using a known positive sample and a known negative sample in three identical but unrelated experiments.
In each experiment we included six positive and six negative samples.
The mean fluorescence intensities obtained were 4L77 (CV 20.8%), 34.05 (CV 36.9%), and 32.33 (CV 14.3%). The mean value between runs was 36.05 (CV 14%). Although the CVs obtained (14-36.9%) are relatively high, the decision between positive and negative samples was never difficult, because all fluorescence intensities obtained from negative samples were close to zero (mean negative value: -1.12).
Detectionof BLV in Unknown Samples
Because all optimization DLAPOPS experiments were performed with constructed positive and negative BLV DNA samples, we coded all of the BLV DNA samples and retested them by DIAPOPS.
In all, 16 samples were tested for the presence of BLV (Table 3 ). All DIAPOPS results were expressed as ratios between an unknown sample and a blank sample. Samples with ratios >2.0 were considered positive (20). Table 3. ditional PCR followed by sandwich hybridization, and by DIAPOPS. We also analyzed 1 pmol of DNA extracted from various cultures of bacteria The DIAPOPS results are expressed as the ratio between the fluorescence intensities from an unknown sample and a blank sample. Raties >2.0 were considered positive.
Two of the methods, PCR followed by sandwich hybridization and DIAPOPS, detected two falsely positive samples. The same sample extract was used for all three detection methods. We used 1 mL of the sample extract for the PCR-based assays; the rest of the sample extract was preenriched for culture by incubation at 35#{176}C for -18 h. Therefore, the falsely positive results were most probably measuring the presence of dead Salmonella bacteria in the food samples (for details, see 12).
DIscussIon
We have investigated a microwell strip-based system that, for the first time, fully integrates amplification and detection of the amplified product. The amplification and the detection by hybridization take place in the same microwell.
The DIAPOPS procedure can be used to detect -1000 molecules of template, which makes DIAPOPS less sensitive than many previously Even though the amplification and hybridization procedures used for detection of BLV and Salmonella were quite different, DIAPOPS gave in both cases results that were fully comparable with the results produced by traditional PCR methods. The primers and probes we used for detection of BLV and Salmonella by DIAPOPS were those designed for traditional PCR techniques, and their specificity has been described elsewhere (12,18). We are therefore quite confident that DIAPOPS with the proper primers and probes can be used for detection of a variety of microbial agents.
When using DIAPOPS, the result of an analysis can be obtained very quickly. Although we made no attempts to optimize the hybridization step for the BLV analysis (our standard hybridization method was used; optimization is possible), the Salmonella assay turned out to be very fast. The assay took <3 h from the amplification start until the hybridization signals were read.
Covalent binding of the primer to the solid phase takes -6 h. However, because CovaLink NH microwell strips with bound primer can be stored almost indefinitely at 5#{176}C (13), one can coat many plates at the same time.
In conclusion, we believe that DIAPOPS is a method of great interest when screening many samples and performing often-repeated assays. DIAPOPS is based on the microwell format, which means that the standard equipment found in most laboratories, including washers, dispensers, and readers, can be used. This use of instruments simplifies manipulation and facifitates automation.
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